This paper evaluates the development-induced water pollution in Malaysia within an econometric framework. It explores the relationship between water pollution problems and rapid economic development such as industrial growth and urbanization/population in the country. Methodologically, a Multiple Regression Analysis that is essential to reveal the likely hidden interactive effects between the multivariate pollutants from different sources on river catchments was employed. The main objectives of the paper are (a) to spell out the structure and regional pattern of water pollution issues in Malaysia; (b) to find the hidden interactive effects of point and non-point sources of water pollutants on rivers; and (c) to turn the attention of water policy-makers to the implication of such interactive effects, which may jeopardize the administrative enforcement actions of minimizing water pollution issues in any given country. The paper, therefore, argues that if the abatement policy instruments are stringently controlling only water pollutants from one single source, policy abatement programs designed for controlling water pollution would not be effective. This paper has concluded that the imposition of appropriate treatment technology in industries is strongly needed to solve the problem of water pollution. People awareness of water pollution programs, and public and private sector participation are prerequisites that must always reflect in every stage of policy control and design by the authority.
Introduction
It is the natural course of human beings to develop and improve the standard by which they live (i.e. development). In the economic sense, development has manifested itself in industrial and doi: 10.2166 /wp.2008 .039 Water Policy 10 (2008 q IWA Publishing 2008 commercial progress. In the developed and developing countries, this has led to the inevitable clash between man and nature. Malaysia has managed successfully to broaden its production base from a country highly dependent on rubber and tin to a wider range of manufacturing industries. In doing so it has undergone significant structural changes in both the economic system and social life. Thus, the consistent and rapid growth of urban-industries in Malaysia has undoubtedly resulted in an increase in the economic well-being of the citizens of the country. However, they have also resulted in an increase in environmental river water pollution around the regions of the country.
To set a base for the focus of this paper, the structure and regional patterns of water pollution issues were firstly addressed. On the basis of these, the paper hypothesizes that: the higher the level of economic development, the higher the level of water pollution in the country. In order to address the objectives of this paper, as mentioned in the abstract, a multiple regression analysis approach was employed not only to correlate between economic indicators and the river water pollution trends in Malaysia, but also to examine the hidden interactive effects of pollutants on river water. The result was then analyzed with model equations for each predictor of water pollution within an econometric framework of analysis, from which some policy implications were pinpointed to alert the attention of the policy-makers on water pollution abatement policy programs. The scope of the investigation covers 12 consecutive years due to availability and consistency of data (from 1989 -2000) for both dependent and independent multi-variables.
The structure and regional pattern of the pollution issues in Malaysia
Industrial development in Peninsular Malaysia has made significant beneficial contributions to the country's overall economic development. It has generated employment and promoted socio-economic infrastructural development; however, it has profound effects on the environmental water resources because all industries require the use of both renewable and non-renewable resources from the environment. It is obvious that the conversion of these resources into finished or semi-finished industrial products results in residues that are often discharged as wastes into water. These wastes are in solid, liquid or gaseous forms and, when discharged indiscriminately, could adversely affect the quality of the water.
According to Table 1 , approximately 2292 industries were identified as significant water pollutant sources in Peninsular Malaysia by the Department of Environment (DOE). The major potentially polluting industries were 928 (40%) food and beverage factories, 324 (14.1%) rubber producing premises and 270 (11.4%) chemical producers. Based on the distribution of water pollution sources by state in Peninsular Malaysia, the majority were found in Selangor (414), Johor (384), Pulau Penang (328) and Perak (253) . These are also the most industrialized states in Peninsular Malaysia.
In terms of organic water pollution load, sewage and animal wastes were the major contributors of water pollution followed by manufacturing and agro-based industries in the country. In the case of pollution load, both the manufacturing and agro-based industries (palm-oil and rubber) contributed only 8% (37 t/d) of Biological Oxygen Demand (BOD) loads in 1988 in contrast to 13% (65 t/d) and 79% (385 t/d) of BOD loads from animal husbandry and sewage, as shown in Table 2 .
It is evident from Table 3 that the magnitude of organic pollution due to BOD discharged according to sectors between 1990 and 1993 increased tremendously from 485 to 1033 loads. The table shows that organic wastes from animal husbandry are a national problem. This is constrained by land tenure issues and society's low regard for animal husbandry as a backyard, rather than a modern, industry.
The removal of sewage from urban areas continues to pose problems for water resources in relation to its effective treatment and disposal. The bulk of sewage is water, which is rich in nitrate and phosphate. Biologically speaking, this is a major contributory factor to eutrophication downstream, profoundly altering the characteristics of the aquatic ecosystems of some river systems.
Disposal of domestic and municipal wastes, which include industrial, commercial and household garbage, also present a different set of problems. In most of the urban cities of the Peninsular, particularly Kuala Lumpur and Selangor, the daily quantum of solid wastes generated is more than 134,000 kg/d. Solid wastes are disposed of in landfill sites. Only about 60% are disposed of, with the remainder finding their way into the rivers. This further reduces the quality of the water in the rivers. Landfill sites also present another set of problems, particularly leachates, which contaminate groundwater, methane gas emissions, which can be hazardous to those living near the sites, and obnoxious odours from decaying rubbish. Rivers are usually the recipients of all these polluting materials or loads (Badri, 1984; DOE, 1989) . Therefore, river water quality provides a good indication of the levels of water pollution within a river basin where industrial and urban areas are located. Thus, in the 1991 annual River Water Quality Monitoring Program carried out by the Department of Environment (DOE), 87 major rivers were monitored and a total of 2967 samples from 555 monitoring sites were collected. An assessment of water quality was carried out in terms of the physical, biological and chemical characteristics of the water body. In situ water quality measurements include parameters such as turbidity, dissolved oxygen salinity, temperature, pH and electrical conductivity, while laboratory analyses were performed for as many as 30 other chemical and biological parameters. The river quality in the country as a whole was found to range from good to unsatisfactory in 1991. Out of the 87 major rivers monitored, 6 rivers were found seriously polluted, 44 rivers were slightly polluted and the remaining 37 rivers were classified as clean. It was found that the continued discharge of untreated or partially treated human and animal (piggery) wastes remained as major sources of organic pollution in Malaysian rivers. Based on the index of ammoniacal nitrogen in 1991, 26 rivers were seriously polluted, 26 were slightly polluted, while 35 were considered clean. The suspended solids, as an indicator of soil erosion that resulted in river siltation, continued to pose major environmental problems in the country's water resources. Based on the assessment of water index for suspended solids over a 5 year period, 69 out of the 87 rivers monitored were affected by soil erosion and river siltation. Soil erosion from construction sites has been excessive in Peninsular Malaysia. Many streams have become heavily silted and flooded. It is common practice to remove all vegetation from relatively large surface areas of land in the pursuit of economic activities and preparation for the construction of houses and roads in particular. A glaring example of the effect of land clearance for urban development on water resources is that of a housing project site in Damansara Heights in the southwestern suburb of Kuala Lumpur.
The rivers monitored were mostly located in Peninsular Malaysia. The river water quality in terms of organic pollution (BOD) remained relatively unchanged. Domestic discharges accounted for a high proportion of the organic load. Rivers, which are known to receive industrial discharges, recorded high levels of some heavy metal contamination (DOE, 1991, p. 68) . Some of the heavy metals were found in rivers situated on the west coast of the Peninsular due to more intensive land use and industrialization. Source: Adapted from Table 6 .28 (DOE, 1996) . Being a state undergoing rapid industrialization, Pulau Penang experienced the worst of mercury pollution in its rivers. Krian River and Jejawi River were found to have water samples containing mercury levels which exceeded the standard value of 0.004 mg/l. Some rivers were contaminated by lead pollution ranging in concentrations from a minimum of 0.003 mg/l to a maximum of 2.40 mg/l. The presence of arsenic and cadmium in most rivers was negligible. In terms of phosphate, among the rivers that exceeded the limit of 0.1 mg/l were the River Sepang in Melaka, Rivers Setiu, Ibai, Dungun and Paka in Terenganu, and Rivers Baloi, Pontian Endau and Skudai of Johor. Generally, between 1987 and 1994, water quality deterioration due to BOD amounted to 63% (DOE, 1991, p. 69) . Within the same period, deterioration in water quality due to both ammoniacal nitrogen and suspended solids amounted to 69% and 52%, respectively, as indicated in Table 4 . In 1997, 81 out of the total rivers monitored by DOE were polluted due to BOD pollution loads. They were mainly from agro-based industries (i.e. palm oil), sewage and manufacturing activities. In Peninsular Malaysia, BOD loads in Johor polluted 17 rivers, 8 in Pahang, 8 in Terenganu, 7 in Perak, 8 in Selangor, 4 in Pulau Penang, 3 in Kedah, 3 in Melaka, 2 in Kelantan, 2 in Negeri Sembilan and 1 in Perlis. Over the same period, 93 rivers were polluted by NH 3 -N as a result of livestock farming and domestic waste. In Johor, for example, 18 rivers were polluted due to this pollutant, 10 in Pahang, 9 in Terenganu, 3 each in Kelantan, Melaka and Kedah, 2 in Negeri Sembilan and 1 in Perlis as well. With regard to Suspended Solids (SS) from earthworks and land clearing activities, 10 rivers were polluted, 4 in Selangor, 3 in Melaka and 1 each in Langkawi, Penang and Perak (DOE, 1997). In 1998, 43% of the total rivers monitored by DOE were polluted by ammoniacal nitrogen discharged from both sewage and animal husbandry wastes into the water resources. Suspended Solid pollutants have accounted for 3.4%; 21% by BOD from both agro-based and manufacturing industries (DOE, 1998) .
In 2000, the major contributors to water pollution were effluents from manufacturing industries with an estimate of 43% and urban domestic sewage facilities, which amounted to 46.1% ( Fig. 1 ) of the total water pollutants in the country. The pollution loads contributed by these pollutants significantly affected the river quality. An analysis of manufacturing industries in 2000 showed that the food and beverage industry constituted 23.7% of the total sources of water pollution, while electrical and electronic industries accounted for 11.4%. The chemical industry was found to contribute 11.2% and the paper industry generated 8.8% of the total pollution. The textile and finishing/electroplating industry accounted for 7.4 and 5.3% water pollution sources, respectively. The effluents from palm oil and rubber factories generated into water resources amounted to 5.3 and 2%, respectively. In general, Selangor, Johor and Perak water resources were severely polluted by these sources (DOE, 2000, p. 73) . In terms of BOD parameters generated, sewage discharges amounted to 1023 t/d and manufacturing industry was reported to generate 19 t/d. In the case of agro-based industry, the BOD load was 14 t/d during the period (DOE, 2000, p. 75) . Table 5 shows that, out of 120 river basins monitored by DOE in 2001, 60 (50%) were found to be clean, 47 (39%) of them were slightly polluted, while 13 rivers (11%) were categorized as seriously polluted. However, the trend of clean rivers from 1996-2000 continued to decrease from 42 to 34, while the pattern of polluted and slightly polluted rivers was sporadic in nature.
Methodology

Procedures and approaches
Two methods were employed in carrying out the analysis of the relationship between the dependent and independent variables of the hypothesis raised in the introductory part of this paper. First and foremost, an entry procedural method was used to see the principal effect of each independent variable on how it accounts for changes in the pollution level of the rivers. Second, a stepwise procedural method was used to examine the interactive effects of the three independent variables on the dependent variable. The alpha level of significance set in the paper for obtaining the relationship between dependent variable and its predictors is a ¼ 0.05, while the t-test of significance will therefore be equal to a/2 ¼ 0.05/2. The expected F-Statistics value for test of hypothesis must be greater than the standard value þ 2 for single tailed-hypothesis put forward in this paper at the said alpha level. Any predictive variable that fails to fulfil these requirements will be removed from the model developed for this paper. 
Defining and operationalizing variables
Operationally, there are two competing variables in this hypothesis, which are economic development activities and the rate of water pollution. For the independent variable (economic development activities), the focus of this paper is on (1) industrial growth with special reference to manufacturing industries, (2) population/urbanization, and (3) economic growth (GDP). These are the three key indicators for assessing the rate at which the independent variable affects the dependent variable (water pollution). The yardstick for measuring the effect of the first indicator is the index of industrial production for manufacturing industries. The justifications for using this yardstick are that: (1) the index of industrial production for any manufacturing industry reflects the rate of production growth of the industry per year-it is argued that, as the rate of the production increases, so also do the emissions of organic water pollutants, (2) as the rate of production increases so also do the shares in national GDP contribution.
The yardstick for measuring the second indicator of the independent variable (urbanization/population) is the population growth of the country. The justification for using this yardstick lies in the correlation between industrial growth and increases in population of industrial cities and states. The fact is that, as the industrial activities increase, the rate of population increase also increases, especially in industrial states. Thus, it is argued that the establishment of more industries serves as a pull factor for bringing more people from rural areas to urban cities and states. This makes the population in urban agglomerations increase yearly. Thus, the more the population grows in urban cities the more the rate of waste products of their consumptions and sewages discharged increases. These sewages being discharged significantly add to the water pollution load. The yardstick for measuring the third indicator of independent variable is GDP per capita. The justification for using it is that it reflects the rate of the people's consumption and their purchasing power parity, which is determined by the general economic growth of a country.
The dependent variable in this hypothesis is water pollution, as mentioned above. Water pollution is defined as the introduction of deleterious substances into water that changes its composition and beneficial usage. When the concentration of acids and other chemicals, suspended solids, oil or animal/domestic wastes is increased to the extent that can affect its users, the water has been polluted. The yardstick that would be used to measure it is the number of polluted rivers per year. The justification for using this yardstick is that it is based on the Water Pollution Index (WPI) that is measured via the following parameters for organic pollutants or loads as laid down by the Department of Environment (DOE), namely: level of Biochemical Oxygen Demand (BOD), level of Chemical Oxygen Demand (COD), level of Ammoniacal Nitrogen (NH 3 -N), level of Suspended Solids (SS) and pH value. All these actually bear some severe effects on the physical health of the people as they drink water from polluted sources directly or indirectly. The statistical tool that was used here is Multiple Regression Analysis. It is given by the following equation to show the interactive effects of all independent variables indicators on the dependent variable:
where Y is the variance in the dependent variable (each category of polluted rivers), X 1 , X 2 , X 3 are the single indicator of development (i.e. independent multivariate variables) and log means logarithm throughout the paper. X 1 represents the GDP per capita; X 2 represents population variable and X 3 represents industrial production index for manufacturing industries. X 1 X 2 represents the product of GDP per capita and population; X 1 X 3 represents the product of GDP per capita and industrial production index; X 2 X 3 represents the product of population and industrial production index; while X 1 X 2 X 3 represents the interactive product effects between the three predictors on polluted rivers. b 1 , b 2 , b 3 , b 4 , b 5 , b 6 , b 7 are the unit changes in the independent variables and their interactive products that account for the variances in the dependent variable (Y). The symbol a is an intercept that denotes the point where the gradient of the slope cuts the Y axis when X is zero and the symbol e is the residual. The justification of using this statistical method is that it allows us to see how the dependent variable (water pollution) is affected by a unit change in the independent variable (economic development activities) measured by these indicators. In addition, the method helps us find out the interactive effects of the independent variables' indicators and the exact effect of each of them on the dependent variable. Hence, it shows the relationship between the dependent variable and the independent variables.
Correlation between variables
The Minitab statistical software program was used to examine the extent of correlation between population, GDP per capita and index of industrial production for manufacturing industry as well as the status of water quality for highly, slightly and the total number of polluted river basins. The value for Pearson's correlation coefficient was 0.848 for GDP per capita, 0.779 for population and 0.831 for index of industrial production in relation to highly polluted rivers (the dependent variable). As for slightly polluted rivers, the Pearson correlation value for GDP per capita was 0.862, while 0.843 and 0.855 were obtained for both population and index of industrial production for manufacturing industries, respectively (Table 6 ).
The predictors were highly correlated with the total polluted rivers variable as well. The value for GDP per capita reached the highest value of 0.898, 0.861 for population variable and 0.887 for index of industrial production. The high magnitude for the value of correlation in the result of the output for each predictor indicates the strength of the association between each of the predictors and water quality status for polluted rivers. In other words, the results show that, as the value of each predictor increases or decreases, the value for the dependent variable also equally increases or decreases. Hence the strength of association is positive with a higher value of Pearson's correlation coefficient. However, the proportionate increase or decrease in the dependent variable (polluted rivers) is not the same as that of 
Note: log (logarithm); Hpollu (highly polluted river); Spoll (slightly polluted river); Gdp (GDP per capita); Pop (population); Index (index of industrial production).
the independent variables. Having observed the association between dependent and independent variables, each and the collective effects of the predictors on the level of river pollution (based on DOE categorizations) are discussed in the following subsections.
5.1. Principal factor effect of each predictor on category of polluted rivers 5.1.1. Analysis of results. Highly polluted rivers were regressed against each of the three predictors to observe their principal effects or single factor effect. When GDP per capita was regressed against heavily polluted rivers (using the entry method), the value of R 2 was 72% while its adjusted R 2 was 69.2%. It implies that GDP per capita variable accounts for 72% of the yearly changes in the level of pollution in heavily polluted rivers. This predictor is highly significant with a p value of less than 0.005 and a t value of 5.07. Comparatively, the yielded R 2 value was 74.3% for slightly polluted rivers with this predictor (GDP per capita), while its adjusted R 2 was 71.8. It implies that this predictor accounts for 74% of the yearly variance in the level of pollution of slightly polluted rivers. The overall result analysis for total polluted rivers (i.e. heavily plus slightly polluted rivers) shows that GDP per capita alone accounts for 81% of the changes in overall river pollution. This can be simply inferred from its R 2 value of 80.7% and its adjusted R 2 of 78.7%, respectively. When the population variable (second predictor) was regressed against highly polluted rivers, the value of R 2 was 60.8% and its adjusted R 2 was 56.8%. Though it seems lower than the obtainable values of R 2 for GDP per capita output, the population variable accounts for 61% of the yearly variances in the level of pollution of polluted rivers. The output for this predictor variable is highly significant, with an a value of 0.003 and a t value of 3.93. In the case of slightly polluted rivers, the value of R 2 yielded with this predictor was 71.1%, while the adjusted R 2 was 68.2%. In other words, the population predictor accounts for 71% of changes in the level of slightly polluted rivers. This was highly significant at the 0.001value of a. When this predictor (population) was regressed with total polluted rivers, the value of R 2 comparatively reached a maximum level of 74.2% while its adjusted R 2 was 71.6%. It indicates that this predictor accounts for 74% of total changes in the level of pollution of polluted rivers. This was highly significant at a p value of less than 0.005.
When the third predictor alone (index of manufacturing production) was regressed against the heavily polluted rivers, the value of R 2 was 69.1% and its adjusted R 2 was 66%. It indicates that industrial production for manufacturing industries accounts for 69% of the yearly changes in the level of pollution of heavily polluted rivers. It is highly significant with a p value of 0.001 and a t value of 4.73. Comparatively, this predictor accounts for 73% of variances in the yearly level of slightly polluted rivers with an R 2 value of 73.1% and adjusted value of 70.4%, at a highly significant value of less than 0.005a. Interestingly, the regression result output of the same predictor against the total polluted rivers yielded a maximum R 2 of 78.6% with an adjusted R 2 of 76.5%. It implies that the index of industrial production for manufacturing industries accounts for almost 79% of the yearly changes in total level of pollution for polluted rivers. This accountability was highly significant at a p value of less than 0.005 with a t value of 6.07. The result obtained for each predictor implies that each independent variable has a clear effect on the level of polluted rivers and accounts for the yearly changes of pollution levels. However, the rates of this effect differ from one predictor to another as indicated by the various analyses carried out for each of them. From these results, it is clear that the three independent variables (GDP per capita, population and index of industrial production) in the paper are good predictors of water quality index for polluted river (Table 7) .
From the previous section, the model equation for total polluted (T.pollu) rivers was developed for evaluating the effects of each principal factor on polluted rivers. For the predictor GDP (Gdp) per capita as in equation (2) of Table 8 , it is highly significant at a value of less than 0.005a, with an R 2 value of 81% and a t statistic of 6.46 (Table 7 ). In the case of predictor population ( pop), the model equation is highly significant at an a value of less than 0.005, with an R 2 value of 74.2% and a t value of 5.36 (Table 7) , while for predictor index of industrial production (index) the model equation is equally significantly high with an a level of less than 0.005 at an R 2 value of 78.6% and a t value of 6.07 (Table 7) .
5.2.
Regression results of multiple factor interactive effects of predictors on category of polluted rivers 5.2.1. Analysis of results. After observing the single factor effects of each predictor on the dependent variable (polluted rivers), co-effects or interactive between the three predictors on the category of polluted rivers were examined as well. The question raised for the purpose of finding out this effect is as follows: since the interactive effect of adding one variable provides certain significant changes in the result outputs with such a useful implication for policy action, will the multiple interactions of these predictors suggest any useful implication for policy control of water pollution? This was carried out through the regression of the products of the three predictors against polluted rivers. The products are represented by X 1 X 2 for GDP-population variables; X 1 X 3 for the product between GDP and industrial production variables for manufacturing industries; X 2 X 3 for the product between population and the industrial production variables; and X 1 X 2 X 3 for the product between the three predictor variables. When X 1 X 2 (product of GDP and population) was stepwisely added to the result outputs obtained from the interactive effect of the single factor on heavily polluted rivers, the value of R 2 slightly increased to 93.71%, which is higher than the value of either single factor, while the adjusted R 2 substantially increased to 90.12%. This implies that the multiple factor interactive products of GDP per capita and population have a positive impact on the result outputs of the single interactions of the predictors (Table 9 ). Table 7 . Regression results.
Dependent variable
Independent variables
Hpollu Spollu Tpollu
In addition, when X 1 X 3 (product of GDP and industrial production) was stepwisely added to the result outputs, the value of R 2 was slightly increased further by 94.60% compared with the value of each predictor; however, the adjusted R 2 value decreased by 65% due the multiple interactive effects. It was noted during the procedure that R 2 value has reached the maximum value and when multiple factors for products X 2 X 3 and X 1 X 2 X 3 stepwisely added, it could not yield any further increments. Thus, the computer rejected them to show that R 2 has reached the saturated point it could, for heavily polluted rivers, and cannot take more variables. Hence, the result output for these multiple factors does not appear in Table 10 .
In the case of slightly polluted rivers, X 1 X 2 (product of GDP and population) was stepwisely added to the result outputs obtained for the single factor effect of the predictor, the value of R 2 slightly increased to 80.2%, while adjusted R 2 slightly dropped to 68.1% due to the interactive effect. The increment in the value of R 2 implies that the multiple factor interactive products of GDP per capita and population have a significant impact on the yearly result outputs for slightly polluted rivers. In addition, another multiple effect was noted when X 1 X 3 (product of GDP and industrial production) was stepwisely added to the result outputs. The value of R 2 substantially increased further to 93.75%, while the adjusted R 2 value sharply increased to 88.55% due to the multiple interactive effects. Just like in heavily polluted rivers, it was also noted that the R 2 value has reached the maximum and, as such, when the product of multiple factors X 2 X 3 and X 1 X 2 X 3 are stepwisely added, it could not yield any further increment. Thus, it shows that R 2 has reached its saturated point and could not take more variables. For the combined polluted rivers (heavily and slightly polluted), when X 1 X 2 (product of GDP and population) was stepwisely added to the result outputs obtained for the interactive effect of the single factor on total polluted rivers, the value of R 2 slightly increased to 87.30%, which is higher than either of the two predictor alone, while the adjusted R 2 also increased to 80.04%. This implies that the multiple factor interactive products of GDP per capita and population have a positive impact on the result outputs of the single interactions of the predictors. In addition, when X 1 X 3 (product of GDP and industrial production) was stepwisely added to the result outputs, the value of R 2 highly increased further to 97.18%, while the adjusted R 2 value also increased sharply to 94.84% due to the multiple interactive 
Test of hypothesis
The higher the level of economic development activities, the higher the degree of water pollution. The F statistic is a ratio between and within the variances of the predictors (independent variables) in relation to total polluted rivers (dependent variable) in this paper. The F statistics was used to test for null hypothesis. In terms of each single predictor, the output result of the F values estimated were: 41.73, 28.69 and 36.83 in relation to predictor-GDP per capita, population and industrial production for manufacturing industry, respectively. After being moderated by the multiple factor interaction effects of the product for the three predictors, the value of F statistics changed to 51.35. It is obvious that the value of the estimated F statistics found in the outputs due to each predictor is far greater than the critical standard value of F (2.55) when consulting the table of F ratio using degree of freedom (df ¼ N 2 1) at a level of significance of 0.05a value set for this paper.
It must be recalled that a sharp increment in the value of F statistics during the stepwise addition of each predictor and their products symbolizes four significant points that must be noted about the model and hypothesis: (1) there is a clear relationship between the dependent variable and its three predictor variables chosen for this paper; (2) the slope of the regression equation developed showed a reasonable value far from zero that a null hypothesis always claims; (3) the model can be used to predict the futuristic nature of the dependent variable (any polluted river) in relation to changes in independent variables (predictors); and (4) that the claim of a null hypothesis, which denies the relationship between dependent and independent variables of this paper, must be rejected. Therefore, the model established for finding the relationships between the dependent and independent variables (i.e. development indicators) in this paper is retained and the truth of the hypothesis set for the paper is reinforced.
Conclusion
The result obtained from the relationship between the predictors and dependent variable shows that development in terms of industrialization, urbanization and population growth accounts for various changes in yearly level of pollution in rivers in Malaysia. The F statistics, as well as the values of R 2 and continuous lower values of residual errors of the various estimations, confirmed the fitness of the model. The estimated value of R 2 for the three predictor variables was 98.4% while its adjusted R 2 value amounted to 96.5% in the final model reached in the paper. This indicates that the independent variables (predictors in the model used) explained or accounted for 98% of the yearly changes in the status of water quality of polluted rivers in Malaysia. In relation to the polarized opinions of environmentalists and economists regarding the cause of water pollution, the statistical test result of 98% R 2 in this paper shows that development activities mostly account for water pollution as claimed by environmentalists.
The findings of this paper have pinpointed many implications that policy-makers anywhere around the world must always put into consideration in formulating policies for water pollution abatement programs. Firstly, the result of the interactive effects of each predictor on polluted water implicates that policy actions that might be taken against the individual sources of water pollution would be ineffective when the actions are concentrated to control one side only, no matter what the amount of efforts put forward by the enforcement body. In other words, it implies that the co-policy instruments and actions must be very stringent working together against all the identified sources of river pollutants. Secondly, just like the interactive effect of the single factor, the multiple factor interaction effects provide further implications for water pollution control policies and their instruments. It implies that lack of coordinative actions or holistic actions in implementing the policies might lead to non-improvement in the level of pollution of polluted rivers. Thirdly the increase in population growth will obviously lead to increase in urban growth due to the concentration of valuable industrial factories in cities or agglomeration areas. This in turn would lead to an increase in domestic sewage and industrial effluent discharges into water catchments.
Finally, the worst source of water pollutants are the non-point sources arising as a result of the country's involvement in heavy industrialization and development such as quarrying, housing, road and land-clearing activities, which are unavoidable. It is argued that none of these pollutants or predictors is acting alone on the water resources. Hence, efforts to combat one out of all point sources or non-point sources of water pollution would render the policy enforcements and implementations useless. The fact is that government cannot simply stop its striving efforts for economy growth and development activities because of water pollution consequences. However, it is imperative to formulate policies, which are holistic in nature, stringent and capable of bring a balance between environmental resources and development ethos and minimize, if not totally eradicate, the problem of water pollution at the lowest possible cost.
